SOLID IMAGE CAPTURING ELEMENT FOR POWER SAVING AT OUTPUT SECTION 
AND MANUFACTURING METHOD FOR THE SAME 

BACKGROUND OF THE INVENTION 

5 

1, Field of the Invention: 

The present invention relates to a CCD solid image capturing 
element and a method for manufacturing the same. In particular, 
the present invention relates to suppression of power consumption 
10 in an output section. 

2. Description of the Related Art: 

Fig. 4 schematically shows a structure of a CCD solid image 
capturing element using a frame transfer method. Specifically, a 

15 CCD solid image capturing element using a frame transfer method 
comprises an image capturing section i, a storage section s, a 
horizontal transfer section h, and an output section d. 

The image capturing section i generates information charges 
in a two-dimensional array and transfers the charges at a high speed 

20 to the storage section s. The information charges are stored in 
the storage section s and also transferred to the subsequent 
horizontal transfer section h for every pixel row. The information 
charges are then transferred to the output section d for each pixel. 
The output section d converts the information charge for one pixel 

25 into a voltage having a corresponding value . A change in the voltage 
value is output as a CCD output. 

Figs. 5 and 6 are cross sectional views showing major elements 
of a conventional CCD solid image capturing element. In particular. 
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Fig. 5 is a cross sectional view along the charge transfer direction 
in a vertical shift register, showing an output end of a vertical 
shift register (V-REG) constituting the storage section s and its 
nearby portions. Fig. 5 additionally shows a horizontal transfer 
5 section h coupled to the output end of the storage section s. Fig. 
5 is a cross sectional view along the charge transfer direction 
in the horizontal shift register, showing an output end of the 
horizontal shift register (H-REG) and its nearby portions. Fig. 
5 additionally shows a floating diffusion layer (FD) 18 and a reset 

10 drain (RD) 20, which constitute a part of the output section d. 

Specifically, in an N-type silicon substrate 2, an N-well (NW) 
4, a P-well (PW) 8 or 10, and an N-type layer (Nsub) 6 are formed, 
in that order downward from the surface of the silicon substrate 
2, through ion implantation and subsequent diffusion. 

15 Specifically, the N-well 4 is an N-type layer formed on the surface 
of the substrate, and the P-well 8 or 10 is a P-type layer underlying 
the N-well 4 . The N-type layer 6 is a part of the original substrate . 

Referring to Fig. 5, an information charge is sequentially 
transferred in the rightward direction in the drawing through 

20 potential wells formed in the N-well 4 in the vertical shift register 
until it is read into a potential well formed below an electrode 
14-1 in the horizontal shift register. Meanwhile, referring to Fig. 
6, the information charge is transferred in the leftward direction 
in the drawing through potential wells formed in the N-well 4 in 

25 the horizontal shift register until it finally reaches, passing 
under the output gate (OG) 16, the floating diffusion layer 18. 

The floating diffusion layer 18 is an N"^ diffusion layer and 
its potential is set at a reset drain potential Vrd of the reset 
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drain 20 when the adjacent reset gate (RG) 22 is turned on. When 
an information charge is supplied from the horizontal shift register 
to the floating diffusion layer 18, the potential of the floating 
diffusion layer 18 is caused to vary according to the amount of 
5 the charge supplied from the horizontal shift register. This 
potential variation is detected and amplified by an output amplifier 
30, which in turn outputs a voltage Vqut as a CCD output. 

The output amplifier 30 also is formed in the semiconductor 
region on the surface of the silicon substrate 2. Specifically, 

10 the drain and source of the MOS transistor 32, 34 of the output 
amplifier 30 are formed by diffusion layers on the surface of 
the substrate 2 and a channel formed in the semiconductor substrate 
region between the drain and the source is controlled using a gate 
electrode which is formed by poly-silicon electrode layers on gate 

15 oxide films. 

When the P-well 10 and the N-well 4 are formed in the N-type 
substrate 2, as described above, an NPN structure is formed 
in the substrate. In this structure, redundant charges on the 
surface of the substrate can be discharged into the depths in 

20 the substrate. 

Fig. 7 schematically shows a potential distribution 
downward into the substrate. In the drawing, the abscissa 
corresponds to the distance in the depth direction of the 
substrate with its leftward direction corresponding to the 

25 surface of the substrate 2 (that is, the gate oxide film side) 
and its rightward direction corresponding to the back side of 
the substrate 20. The ordinate of the drawing corresponds to 
a potential with its lower direction corresponding to a positive 
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potential direction (in which, in this embodiment, a potential 
becomes deeper) . The potential distribution curve 42 corresponds 
to the horizontal transfer section h (H-REG) , while the potential 
distribution curve 40 corresponds to the image capturing section 
5 i and the storage section s. 

As shown, because a predetermined positive voltage Vsub 
(for example, 5V) and a positive voltage VS corresponding to an 
on stage (for example, 5V) are applied to the substrate and the 
transfer electrode, respectively, in a vertical shift register 

10 constituting the image capturing section i or the storage section 
s, a potential barrier is formed in the P-well 8 and a potential 
well is formed in the N-well 4. Because the electron tends to flow 
from a place with a shallower potential to a place with a deeper 
potential in the silicon substrate 2, that is, from a projected 

15 portion of a potential distribution curve to a recessed portion 
thereof, in a normal operation, the information charge in a 
potential well in the N-well 4 is blocked by the potential barrier 
in the p-well 8 from flowing into the depths in the substrate 2. 

When a higher substrate voltage Vsub or a lower positive voltage 

20 VS is applied, the potential well in the N-well 4 becomes shallower 
and the potential barrier in the P-well 8 becomes lower, which allows 
the information charge in the N-well 4 to be discharged into the 
depths of the substrate. In an electronic shutter operation, for 
example, a voltage to be applied to the substrate side or the 

25 transfer electrode may be manipulated in such a manner that 
information charge in the image capturing section i or the storage 
section s could be instantly discharged therefrom to thereby reset 
the section. 
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In a vertical over flow drain (VOD) structure as described 
above, an excessive information charge in a light receiving pixel 
in the image capturing section i can be discharged, over the 
potential barrier in the P-well 8, into the depths in the substrate. 
5 Therefore, a problem known as ''blooming'', that is, leakage of 
information charge to other pixels can be prevented. 

It should be noted that Fig. 7 additionally shows a potential 
distribution curve 44 which represents a potential in a region below 
the reset drain 20 of the output section d and the drive transistor 

10 32 of the output amplifier 30. This region exhibits the potential 
characteristic as shown, as a power voltage Vdd (for example, 5V) 
is supplied to the reset drain 20 of the output section d and a 
drain diffusion layer of the drive transistor 32. 

The above described discharging of information charge into 

15 the depths of a substrate is mainly advantageous in the image 
capturing section i and the storage section s, and not in the 
horizontal transfer section h and the output section d. Therefore, 
conventionally, after p-type dopant ion is doped over the entire 
surface of a substrate where an image capturing section i, a storage 

20 section s, a horizontal transfer section h, and a output section 
d are to be formed, p-type dopant ion is further doped only to a 
region where the horizontal transfer section h and the output 
section d are to be formed while covering, using a mask, a region 
where the image capturing section i and the storage section s are 

25 to be formed. 

Consequently, concentration of p-type dopant in the P-well 
10 below the horizontal transfer section h and the output section 
d results in higher than that in the P-well 8 in the image capturing 
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section i and the storage section s. An example of such a difference 
in dopant concentration is shown in Fig. 7. That is, a higher 
potential barrier is formed in the P-well in the horizontal shift 
register (curve 42) than in the vertical shift register (curve 40) . 
5 This difference in the height of the potential barrier is resulted 
from the difference in dopant concentration between the relevant 
regions . 

With this structure, it is possible to arrange, by controlling 
the substrate voltage Vsub or the like, such that information charge 
10 is discharged into the depths in the substrate only in the vertical 
shift register but not in the horizontal shift register. 

SUMMARY OF THE INVENTION 

15 In recent years, many small and light-weight devices 

including a CCD solid image capturing element, such as digital 
cameras and portable phones with an image capturing function, have 
been developed and introduced into the marketplace. Because the 
battery used in such small, light-weight devices is generally small, 

20 reduction of power consumption is desired. Meanwhile, a CCD solid 
image capturing element requires a relatively large amount of 
current for driving an output amplifier and therefore consumes a 
relatively large power. For compensation for this large power 
consumption, a power voltage Vdd to be applied to the output amplifier 

25 is reduced so that power consumption by the CCD solid image capturing 
element or the entirety of the image capturing device is reduced. 

However, reduction of the applied power voltage Vdd niay lead 
to malfunction of the transistor of the output amplifier, which 



receives, at its drain, a power voltage Vdd/ and outputs, via its 
source, an amplified output. In addition, because the transistor 
of the output amplifier is formed on a substrate where the CCD solid 
image capturing element is commonly formed, as described above, and 
5 receives, via its substrate, a substrate voltage Vgub (for example, 
5V) identical to that which is applied to the CCD solid image 
capturing element, a potential difference between the substrate and 
the drain tends to be larger than a potential difference between 
the drain and the source. 

10 Further, reduction of a power voltage Vdd leads to reduction 

of the depth of the potential well or the height of the potential 
barrier at curve 44 in Fig. 7 and, resultantly, the electron supplied 
from the source to the channel more likely goes over the potential 
barrier in the P-well and flows into the substrate side, rather than 

15 being transferred toward the drain side. In order to avoid this 
problem, reduction of a power voltage Vdd to be applied to the output 
amplifier 30 is not acceptable. For this reason, reduction of power 
consumption of a CCD solid image capturing element or the entirety 
of an image capturing element has remained an unsolved problem. 

20 According to one aspect of the present invention, there 

is provided a solid image capturing element comprising a plurality 
of vertical shift registers arranged each corresponding to a column 
of a plurality of light receiving pixels in a matrix arrangement, 
a horizontal shift register provided on an output side of the 

25 plurality of vertical shift registers, and an output section 
provided on an output side of the horizontal shift register. In 
this solid image capturing element, a reverse conductive 
semiconductor region is formed over one major surface of one 
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conductive semiconductor substrate, the plurality of light 
receiving pixels, the plurality of vertical shift registers, the 
horizontal shift register, and the output section are formed in 
the semiconductor region, and dopant concentration in a portion 
5 of the semiconductor region where the output section is formed is 
higher than dopant concentration in another portion of the 
semiconductor region where the horizontal shift register is formed. 

According to another aspect of the present invention, 
there is provided a method for manufacturing a solid image 

10 capturing element having a plurality of vertical shift registers 
arranged to each correspond to a column of a plurality of light 
receiving pixels in a matrix arrangement, a horizontal shift 
register provided on an output side of the plurality of vertical 
shift registers, and an output section provided on an output side 

15 of the horizontal shift register comprising a first step of forming 
a first reverse conductive semiconductor region having a first 
dopant concentration over one major surface of a conductive 
semiconductor substrate; a second step of forming a second reverse 
conductive semiconductor region having a second dopant 

20 concentration which is higher than the first dopant concentration 
over the one major surface of the conductive semiconductor 
substrate; and a third step of forming the horizontal shift register 
on the first reverse conductive semiconductor region and the output 
section on the second reverse conductive semiconductor region. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic cross sectional view along an electric 



charge transfer direction in a horizontal shift register of a CCD 
solid image capturing element according to an embodiment of the 
present invention; 

Fig. 2 is a schematic diagram showing potential distribution 
5 in a depth direction of a substrate of the CCD solid image capturing 
element according to the embodiment of the present invention; 

Fig. 3 is a schematic top view of an element for explaining 
manufacturing of a P-well in a CCD solid image capturing element 
according to the embodiment of the present invention; 
10 Fig. 4 is a schematic structural diagram showing a CCD solid 

image capturing element using a frame transfer method; 

Fig. 5 is a schematic cross sectional view along an electric 
charge transfer direction in a vertical shift register of a CCD 
solid image capturing element; 
15 Fig. 6 is a schematic cross sectional view along an electric 

charge transfer direction in a horizontal shift register of a 
conventional CCD solid image capturing element; and 

Fig. 7 is a schematic diagram showing potential distribution 
in a depth direction of a substrate of a conventional CCD solid 
20 image capturing element . 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the following, a preferred embodiment of the present 
25 invention will be described with reference to the accompanied 
drawings. In the following description, a CCD solid image 
capturing element using a frame transfer method will be referred 
to. The structure of a CCD solid image capturing element using a 
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frame transfer method is schematically shown in Fig. A, which is 
incorporated in the following description. 

As described above, a CCD solid image capturing element using 
a frame transfer method comprises an image capturing section i, 
5 a storage section s, a horizontal transfer section h, and an output 
section d. The image capturing section i comprises a plurality of 
shift registers, vertically extending in the drawing, respectively 
arranged in parallel, in which each bit in each shift register forms 
photo diffusion and constitutes a light receiving pixel. The storage 

10 section s comprises a plurality of light-shielded shift registers 
continuing from the respective shift registers of the image 
capturing section i, in which each bit in each shift register 
constitutes a storage pixel. The horizontal transfer section h 
comprises a single horizontally extending shift register, in which 

15 each bit in the register is coupled to an output from each of the 
plurality of shift registers of the storage section s. The output 
section d comprises a capacitance for temporally storing charge 
from the horizontal transfer section h and a rest transistor for 
discharging the stored charge. 

20 With this arrangement, information charge stored in the 

respective light receiving pixels in the image capturing section 
i is transferred individually for each pixel to the storage pixels 
in the storage section s, then further to the horizontal transfer 
section h for each pixel row, and still further to the output section 

25 d for each pixel. The output section d converts the information 
charge for each pixel into a voltage having a corresponding value. 
A change in the voltage value is output as a CCD output to be supplied 
to an external circuit. 
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Fig. 1 is a cross sectional view along a charge transfer 
direction in a horizontal shift register (H-REG) , showing an output 
terminal of the horizontal shift register and its nearby portion 
and, additionally, a floating diffusion layer (FD) 18 and a reset 
5 drain (RD) 20 which constitute a part of the output section d. It 
should be noted that the cross sectional view along a charge transfer 
direction in a vertical shift register (V-REG) in this embodiment 
is identical to that of Fig. 5, which is incorporated in the 
following description . 

10 Specifically, into an N-type silicon substrate 2, P-type 

dopant ions are doped and then diffused. Thereafter, N-type 
dopants are doped and then diffused. As a result, on the surface 
of the substrate 2, an N-well (NW) 4 is formed which is an N-type 
diffusion layer 4 comprising the N-type dopant doped, and a P-well 

15 (PW) is formed between the N-well 4 and the N-type layer 6 (Nsub) 
of the original substrate, which is a P~type diffusion layer 
comprising the P-type dopant ions which were doped before the N-type 
dopant . 

In this embodiment, doping of P-type dopant ions for formation 
20 of a P-well is performed three times in different regions, so that 
three P-wells 8, 10, and 60 having different dopant concentrations 
are formed. Specifically, the P-well 8 having the lowest dopant 
concentration of the three kinds is formed in the image capturing 
section i and the storage section s; the P-well 10 having the middle 
25 dopant concentration of the three kinds is formed in the horizontal 
transfer section h; and the P-well 60 having the highest dopant 
concentration is formed in the output section d. Fig. 5 shows the 
P-wells 8 and 10, while Fig. 1 shows P-wells 10 and 60. 
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On the surface of the substrate, electrodes are formed via 
oxide films (not shown) . Specifically, electrode groups 12-1 to 
12-4 to be driven by four-phase vertical transfer clocks 0 si to <f) s4 
are formed in the vertical shift register of the storage section 
5 s, and electrode groups 14-1 and 14-2 to be driven by two-phase 
horizontal transfer clocks 0hi and 4>ii2 are formed in the horizontal 
shift register. 

Through sequential application of a positive voltage to the 
respective electrode groups, potential wells are sequentially 

10 formed in the N-well 4 under the respective electrodes to which 
the voltage is applied and, resultantly, an information charge to 
be stored in the potential wells moves in the N-well 4 . As an example, 
referring to Fig. 5, information charges are sequentially 
transferred in the rightward direction in the drawing in the 

15 vertical shift register until they are read into a potential well 
below the electrode 14-1 in the horizontal shift register- As 
another example, referring to Fig. 1, information charges are 
sequentially transferred in the leftward direction in the drawing 
in the horizontal shift register until, passing under the output 

20 gate (OG) 16 which receives a DC voltage, they finally reach the 
floating diffusion layer 18. 

The floating diffusion layer 18 is an N"^ diffusion layer and, 
together with a P-well coupled thereto, form floating diffusion. 
The floating diffusion layer 18, a reset drain 20, and a reset gate 

25 (RG) 22 together constitute a reset transistor. The reset drain 
20 is formed by an N"*^ diffusion layer and maintained at a constant 
positive voltage Vrd. In this embodiment, a power voltage Vdd may 
be applied as a reset drain voltage Vrd» 
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When a channel below the reset gate 22 is turned on in response 
to a reset clock <f)R applied to the reset gate 22^ the potential 
of the floating diffusion layer 18 is set at the reset drain voltage 
Vrd/ whereby the PN junction of the floating diffusion is reversely 
5 biased. When the reset gate 22 remains in an off state, on the other 
hand, the PN junction of the floating diffusion remains in an 
electrically floating state (a floating state) . When an 
information charge from the horizontal shift register is supplied 
to the PN junction in the floating state, the supplied information 

10 charge is temporarily stored in the PN junction capacitance, so 
that the potential in the floating diffusion layer 18 varies 
according to the amount of the stored information charge. This 
potential variation is detected and amplified by the output 
amplifier 30, which in turn outputs a voltage Vqut as a CCD output. 

15 The output amplifier 30 is formed as a three-stage source 

follower circuit, for example, using a MOS transistor formed 
in the silicon substrate 2. Specifically, the drain and source 
of the driving transistor 32 and the load transistor 34 of the 
output amplifier 30 are formed by N"^ diffusion layers on the 

20 surface of the silicon substrate 2, and a channel formed in a 
semiconductor region in the substrate between the drain and the 
source is controlled using a gate electrode which is formed by 
poly-silicon electrode layers on gate oxide films. In this 
embodiment, a power voltage Vdd (for example, 2.9 V) which is lower 

25 than a voltage applied in a conventional structure is applied to 
the reset drain 20 of the output section d and a drain diffusion 
layer of the drive transistor 32 of the output amplifier 30 for 
suppression of power consumption. 



When the P-well and the N-well are formed in the silicon 
substrate 2, as described above, an NPN structure is formed into 
the substrate. In this structure, a redundant electric charge on 
the surface of the substrate can be discharged to the back surface 
5 side of the substrate in the image capturing section i and the 
storage section s. 

Fig. 2 schematically shows potential distribution in the 
depth direction of the substrate. This drawing corresponds to Fig. 
7 which concerns the related art and the ordinate and abscissa of 

10 the drawing are assigned in the same manner as in Fig. 7. 

The potential distribution curve 70 corresponds to a vertical 
shift register which constitutes an image capturing section i or 
a storage section s, representing potential distribution in an NPN 
structure which comprises an N-well 4, a P-well 8, and an Ngub 6. 

15 The potential distribution curve 72 corresponds to a horizontal 
transfer section h (H-REG) , representing potential distribution 
in an NPN structure which comprises an N-well 4, a P-well 10, and 
an Nsub 6. The potential distribution curve 74 represents potential 
distribution in an NPN structure in the output section d, which 

20 receives a power voltage Vdd and comprises an N"*" diffusion layer, 
the P-well 60, and the Nsub 6. 

The curves 70 and 72 relate to cases in which a voltage (for 
example, 2.9 V) which is lower than a voltage applied in a 
conventional structure is applied as a positive voltage VS, HS 

25 corresponding to an on-state to the transfer electrode 12 and 14 
of the vertical and horizontal shift register, respectively, to 
thereby reversely bias the region between the P-well and the N-well 
4 and, moreover, the transfer channel is completely depleted. For 



easier comparison with the related art, the curve 40 is also shown 
in Fig. 2, which relates to a case in which a voltage 5V is applied 
to the transfer electrode 12 of a vertical shift register. Relating 
to any of the curves 70, 12, and 40, a predetermined positive Vgub 
5 (for example, 8 V) is applied to the back side of the substrate 
to thereby reversely bias the region between the P-well and the 
Nsub 6 . 

In this structure, differences in dopant concentrations 
between the P-well 8 below the vertical shift register and the P-well 

10 10 below the horizontal shift register are utilized to realize a 
configuration in which a higher potential barrier is formed in the 
P-well in the horizontal shift register (curve 74) than in the 
vertical shift register (curve 72) to serve as a barrier relative 
to the electron moving from the N-well 4 to the Nsub 6. With this 

15 difference in the height of the barrier, in a vertical overflow 
drain operation and in an electronic shutter operation, information 
charge can be discharged to the Ngub 6 only in the image capturing 
region i and the storage region s but not in the horizontal transfer 
section h. 

20 Here, when the dopant concentration in the P-well 10 is 

excessively high, a potential well in the N-well 4 is 
problematically formed in a position excessively closer to the 
surface of the substrate. In other words, potential distribution 
in the depth direction is formed such that the minimum value is 

25 marked relative to a position excessively closer to the surface 
of the substrate. Then, the charge would be trapped by a lattice 
defect caused in the boundary between the oxide film and the surface 
of the substrate, and the transfer efficiency of the information 

15 



charge is thus deteriorated. Therefore, in order to address this 
problem, the dopant concentration of the P-well 10 is determined 
such that information charges do not contact the boundary between 
the gate oxide film and the p-well. 
5 When a power voltage Vdd is reduced, as is in this embodiment, 

the potential of the N"^ diffusion layer and the channel of the 
transistor of the output section becomes shallow. The potential 
may become even shallower than the potential of the transfer channel 
in the horizontal shift register which would be realized when a 

10 voltage equal to the power voltage Vdd is applied to the transfer 
electrode 14. A shallow potential of the diffusion layer and the 
channel of the transistor increases the likelihood of leakage of 
electric charge. 

In order to address this problem, the dopant concentration 

15 of the P-well 60 below the output section is set higher than that 
for the P-well 10 below the horizontal shift register so that 
punch-through between the N"^ diffusion layer and the channel and 
the Nsub 6 in the output section can be prevented. Specifically, 
the dopant concentration of the P-well 60 is determined such that 

20 the potential of the floating diffusion layer 18 becomes deeper 
than that below the transfer electrode 14-1 in an off state and 
that a sufficient fringe electric field can be obtained from the 
last-stage transfer electrode to the floating diffusion layer 18 
that can ensure satisfactory transfer efficiency. 

25 Fig. 3 is a schematic top view of an element for explaining 

manufacturing of a P-well in a CCD solid image capturing element 
in this embodiment. Specifically, a P-type dopant ion is doped into 
an element formation region on the surface of the N-type silicon 

16 



substrate 2 and then diffused using heat. With this first stage 
of p-type dopant introduction, a first p-type diffusion layer having 
a first dopant profile is formed in the depth direction in a region 
(shown as a hatched region in Fig. 3(a)) where an image capturing 
5 section i, a storage section s, a horizontal transfer section h, 
and an output section d are to be formed. 

Subsequently, a resist pattern having an opening in a 
position corresponding to a region (shown as a hatched region 
in Fig. 3 (b) ) where a horizontal transfer section h and an output 

10 section d are to be formed is formed on the surface and, 
thereafter, using the resist as a mask, second p-type dopant 
ion doping is applied. With this second stage of p-type dopant 
introduction, a second p-type diffusion layer having a second 
dopant profile which is combined with the first dopant profile 

15 already formed is formed in a region where a horizontal transfer 
section h and an output section d are to be formed. 

Thereafter, a resist pattern having an opening in a 
position corresponding to a region (shown as a hatched region 
in Fig. 3 (c) ) where an output section d is to be formed is formed 

20 on the surface of the substrate 2 and, thereafter, using the 
resist as a mask, third p-type dopant ion doping is applied, 
followed by heat diffusion. With this third stage of p-type 
dopant introduction, a third p-type diffusion layer having a third 
dopant profile which is combined with the second dopant profile 

25 already formed is formed in a region where an output section d is 
to be formed. In the above, masks for ion doping and heat diffusion 
or the like are designed such that the boundary between the P-well 
60 and the output end of the horizontal shift register is formed 
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finally below the output gate 16. 

After formation of the first, second, and third p-type 
diffusion layers through three-stage processing described above, 
N-type dopant ions are doped into the P-type diffusion layers and 
5 then diffused so as to spread to depths shallower than the depths 
to which the p-type dopant ions spread. Consequently, an N-type 
diffusion layer, which is formed closer to the surface of the 
substrate than the p-type diffusion layer, constitutes an N-well 
4, while the first to third P-type diffusion layers, which are formed 

10 in the deeper portions than the N-type diffusion layer, constitute 
the P-wells 8, 10, 60, respectively. 

Subsequent processes are basically identical to those in the 
conventional art. Specifically, using a predetermined resist 
pattern as a mask, P-type dopant ions having a high concentration 

15 are doped to form a separation region (a channel stop) . Then, 
covering the separation region and the N-well 4, a gate oxide film 
is formed over the substrate 2. Further, a poly-silicon film is 
formed over the gate oxide film, and then patterned to thereby form 
a plurality of transfer electrodes 12 and 14. 

20 As described above, when it is arranged that the semiconductor 

region in an output section d has a higher dopant concentration 
than the semiconductor region in a horizontal shift register, the 
semiconductor region in the output section d can be prevented from 
being completely depleted. Even though the region should be 

25 depleted to some extent, because a higher potential barrier is 
created in the semiconductor region in the output section d than 
in the horizontal shift register, leakage of electric charges from 
the output section d and thus deterioration in transfer efficiency 
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in the horizontal shift register can be prevented. 

Moreover, when it is arranged such that the semiconductor 
region in a horizontal shift register has a higher dopant 
concentration than a plurality of light receiving pixels and a 
plurality of vertical shift registers, transfer of information 
charges from the light receiving pixels and the vertical shift 
registers to the horizontal shift register can be achieved with 
high transfer efficiency. Further, because a depletion layer in 
a semiconductor region of the horizontal shift register can be 
prevented from being trapped by a defective level of an oxide film 
formed on the element surface, stable transfer of information charge 
can be achieved. 

According to the present invention, even when a reduced power 
voltage is applied to an output section for suppression of power 
consumption, leakage of electric charge between the output section 
on the front surface of the substrate and the back surface of the 
substrate can be suppressed. 
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